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(57) Systems and methods for handling different types of alarm signals, such as red, blue, and/or yellow alarm signals, 
in hybrid time division multiplexing (TDM)/asynchronous transfer mode (ATM) networks. A terminal adapter, which 
may be in the form of a stand-alone device and/or integrated with an ATM switch, may receive an alam signal from 
a TDM switch. Based on the nature of the alarm signal, the terminal adapter may send a message to the ATM switch 
and/or acknowledge to the TDM switch that the terminal adapter has received the alarm signal from the TDM switch. 
The ATM switch, upon receiving the message from the terminal adapter, may route appropriate other messages to 
other ATM switches and/or TDM switches in the hybrid network. Other ATM switches receiving such messages may 
in turn route appropriate messages via the signaling network to other ATM switches and/or TDM switches. 
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SYSTEM AND METHOD FOR HANDLING TDM ALARM SIGNALS 

IN THE ATM DOMAIN 

Abstract 

Systems and methods for handling different types of alaim signals, such as red, blue, 
and/or yellow alarm signals, in hybrid time division multiplexing (TDM) / asynchronous 
transfer mode (ATM) netwoiks. A terminal adapter, which may be in the foim of a s^nd- 
alone device and/or integrated with an ATM switch, may receive an alaim signal fiom a 
TDMswitch. Based on the nature ofthealami signal, the tenninal adapter may send a 
message to the ATM switch and/or acknowledge to the TDM switch that the tenninal 
adapter has received the aiann signal fix>m die TDM switch- The ATM switch, upon 
receiving the message from die tenninal adapter, may route appropriate other messages to 
other ATM switches and^or TDM switches in dw hybrid networic Odier ATM switches 
receiving such messages may in turn route appropriate messages via the signaling netwoik to 
other ATM switches and/or TDM switches. 
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SYSTEM AND METHOD FOR HANDLING TDM ALARM SIGNALS 

IN THE ATM DOMAIN 

Field of the Invention 

The present invention is directed generally to a system and method for handling time 
division multiplexing (TDM) alarm signals in the asynchronous transfer mode (ATM) 
domain in a hylmd TDM/ATM network. 

Background 

In telecommunications systems, time division multiplexing (TDM) networks are 
currently often used for carrying voice calls and data transfers. However^ the use of 
asynchronous transfer mode (ATM) networks is becoming more desirable in 
telecommunications systems because ATM technology is superior in many ways to TDM 
technology. Although it is doubtful that ATM technology will completely replace TDM 
technology in the near future, it is likely that ATM technology will be incrementally 
integrated into current TDM telecommunications systems. 

In order for ATM to penetrate the bulk of the telecommunications systems, there is a 
need to be able to interface TDM networics seamlessly with ATM networks. In particular, 
there is a need to communicate failures in the TDM domain into and through the ATM 
domain, and vice versa. In the TDM network architecture, there are embedded mechanisms 
for communicating and handling network failures. However, in conventional hybrid 
TDM/ATM networks, if a fiulurc occurs in the TDM domain, the ATM domain would not 
be notified of the TDM fiulure. Further, v/hen first and second TDM units are connected 
together via a conventional ATM network in a manner that is conventionally known, the 
second TDM unit would not be notified of a failure in the first TDM unit. 
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Sammary of the lDveiit|on 

At least the above-described problems are solved by implementing various aspects of 
the present invention. To achieve seamless operation of time division multiplexing (TDM) / 
asynchronous transfer mode (ATM) hybrid networks, the present invention defines a 
5 network architecmre for converting between TDM alarm signals and messages compatible 
with the ATM domain. To accomplish this, the present invention exploits both TDM 
network alarming protocols as well as standard narrowband and broadband signaling to 
achieve seamless operation of TDM/ATM hybrid networics. 

Specifically, accoirding to one aspect of the present invention, methods and apparatus 
10 are described for generating an alarm message in an ATM network responsive to receiving a 
TDM alarm signal. The alarm message may be a standard narrowband and/or broadband 
signal in the ATM domain and may be routed through the ATM network utilizing standard 
user-to-network signaling and/or network signaling. An example of apparatus for 
performing this aspect of the present invention is apparatus that may include a TDM 
IS interface configured to be connected to the TDM network and further configured to generate 
a first signal responsive to receiving a TDM alarm signal fiom the TDM networic, a 
processor connected to the TDM interface and configured to generate a second signal 
responsive to receiving tf^e first signal, and/or an ATM interface connected to the processor 
and configured to gen^te an ATM alarm message responsive to receiving the second 
20 signal. 

According to another aspect of the present invention, methods and aiq[>aratus are 
described for efficiently routing the message through an ATM portion of the network and/or 
for sending trunk blocking and/or unblocking alarm messages to the TDM domain, such as 
to a destination TDM switch. In response to the blocking and/or unblocking alarm 
25 messages, the destination TDM switch may mark an alarmed trunk associated with the TDM 
alarm signal as being out of service. 

Accordmg to yet ainother aspect of the present invention, methods and apparatus are 
described for generating TDM alarm signals responsive to an ATM alarm message and/or a 
disruption occurring in ani ATM network. An example of apparatus for perfomiing this 
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aspect of the present invention is apparatus that may include an ATM interface connected to 
the processor and configured to generate a first signal responsive to detecting a disruption in 
the ATM network, a processor connected to the ATM interface and configured to generate a 
second signal responsive to receiving the first signal, and/or a TDM interface connected to 
5 the processor and configured to generate a TDM alarm signal responsive to receiving the 
second signal. 

Brief Description of the Drawings 

The foregoing summary of the invention, as well as the following detailed 
10 description of preferred embodiments, is better understood when read in conjunction with 
the accompanying drawings, which are included by way of example, and not by way of 
limitation with regard to the claimed invention. 

Fig. 1 illustrates an embodiment of a hybrid TDM/ATM netwoik that may be 
implemented according tp aspects of the present invention. 
15 Fig. 2 is a flow diagram illustrating steps that may be taken by the hybrid 

TDM/ATM network of Fig. 1 responsive to a TDM alarm signal. 

Fig. 3 illustrates m embodiment of a terminal adapter consistent with the TDM/ATM 
network illustrated in Fig. 1. 

20 Detailed Description of preferred Embodiments 

Refierring to Fig. 1, a hybrid time division multiplexing (TDM) / asynchronous 
transfer mode (ATM) networic 100 may comprise a pluraUty of TDM switches 102a, 
102b, 102c, 102d (hereby referred to collectively as reference number 102) and a plurali^ 
of ATM switches 104a, 104b (heceby referred to coUectively as reference number 104). 
25 Some or all of the ATM switches 104 may be connected with one or more of the TDM 
switches 102 through one or more terminal adapters 103a, 103b, 103c (hereby referred to 
collectively as reference pumber 103). The ATM switches 104 may be connected to tte 
terminal adapters 103 via user-network interface (UNI) links 108a, 108b, 108c (hereby 
referred to coUectively as reference number 108). Some or all of the ATM switches 104 
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may further be connected to a sqmrate and/or integrated signaling network, which may 
include interconnected signaling processors, also commonly known as signal transfer 
points (STPs) I05a, 105b, 105c, 105d, 105e (hereby referred to collectively as reference 
number 105). One or more of the terminal adapters 103 may be connected to one or more 
of the TDM switches 102 via one or more TDM trunk subgroiq[)s / trunks 107a, 107b, 
107c, 107d (hereby refeitred to collectively as reference number 107). 

The TDM switches 102 may be part of central offices in a telephone network. The 
TDM switches 102 may be any type of TDM switches or other standard TDM devices. 
For example, the TDM switches 102 may inchide AT&T 4ESS switches and/or AT&T 
5ESS switches. 

The terminal adapters 103 may be distinct units and/or they may be part of the 
TDM switches 102 and/or the ATM switches 104 (e.g., terminal ad^^ter 103a may be a 
line card in ATM switch 104a). Examples of embodiments of a terminal adapter are 
described in U.S. Patent No. 5,483,527, "Terminal Adapter for Interfacing an ATM 
Network with a STM Nejtwork,'' issued on January 9, 1996 to Doshi et al., which is 
hereby incorporated by rjsference as to its entire contents. Another example of an 
embodiment of a terminal adapter 103 in accordance with aspects of the present invention 
is the AXC 2000™ ATM Switch Core, which is currently marketed by Lucent 
Technologies. 

There exists in th^ TDM domain at least one alarm protocol for defining and 
activating alarm status conditions and for generating alarm signals in response to system 
failures. For instance, the AT&T ACCUNEf T1.5 Service (a TDM service) utilizes a 
TDM alarm protocol as (^escribed m AT&T Technical Reference Publication No. TR 
62411. Under this partiqilar TDM alarm protocol, both ''alarm signals" an^ 
states" are defined. Althpugh the above-identified AT&T TDM alarm protocol is utilized 
herein as an iUustrative e|nbodiment, the present invention may be inq>leniented using any 
TDM alarm protocol. 

The term ''alarm signal" in both this specification and the acconq)anying claims 
refers to a signal transmitted upstream and/or downstream warning that a system failure 
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has been detected, and/qr a lack of a sufBcient signal caused 1^ a system feilure. For 
example, alann signals i^ the above-identified AT&T TDM alarm protocol inchide a Bhie 
alarm signal (also commonly referred to as an Alarm Indication Signal or a "Keep-Alive" 
signal), a Yellow alarm ^ignal (also commonly referred to as a Remote Alarm Indication 
s Signal), and a Loss of Signal (LOS). The Blue alarm signal is an unframed "all-ones" 
signal that is transmitted^ in lieu of a normal signal upon loss of an originating signal, or 
when any action is taken that woukl cause a signal disnqition. The Yellow alarm signal 
indkates a carrier £dlure in the transmit direction. A LOS is not actually a signal in and 
of itself, and it is not actually defined as an alarm signal in the above-identified alarm 
10 protocol. In reality, a LOS is actually an incoming signal that has insufficient framing 
and/or pulses, or a lack of any inonning signal whatsoever. However, for die sake of 
convenience, the LOS will be considered herein as an alarm signal. 

The term "alarm state" in both this ^wcification and the acconq>anying claims 
refers to a condition activated at a terminal alerting that mainteniiwr-y action is required. 
IS For example, the alarm 9ates in the above-klentified AT&T TDM alarm protocol include 
an Alarm Indication Sigpal (AIS) Carrier Faihire Alarm (CFA) state, a Red CFA state, a 
Yellow CFA state, and a LOS alarm state. The AIS CFA alarm state is activated in a first 
unit responsive to the first unit detecdng a Blue alarm signal fnm a second unit iq>stream 
from the first unit. The ^ed CFA alarm state is activated in a first unit responsive to first 
20 unit detecting, on an incoming line, a system failure. The Yellow CFA alarm state is 
activated in a unit responsive to the first unit detecting a Yellow alarm signal received 
from a second unit that is in a Red CFA alarm state. The LOS alarm state is activated in 
a first unit respcmsive to the first unit receiving an insufficient incoining . signal or no 
incoming signal whatsoever. 
25 Further, according to the above-identified TDM alarm protocol, a first unit will 

transmit a Yellow alarm Signal iq)stieam responsive to any alarm state being activated in 
the first unit. In this way, intification of a system foilure in a TDM network is 
propagated throughout die TDM domain portion of a TDM/ATM hybrid network that is 
affected by the system failure. 
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In order to notify the ATM portion of the TDM/ATM hybrid network of the 
system fifulure, the TDNf domain alarm signals must be transferred and/or translated into 
messages conqmtible with the ATM domain (and vice-versa). However, to accon^)lish 
translation between the TDM domain and the ATM domain, it is desirable that there be 
some relationship, or mapping, b^ween the TDM trunk subgroups / trunks 107 in the 
network 100 and the Al^^ virtual path identifiers (VPIs) / vurtual channel identifiets 
(VCIs) in the network 100. Previous work has shown that a mapping can be defined 
between VPIs and trunk .subgroups and/or between VCIs and trunks, for example as 
described m U.S. Patent No. 5,483,527. Such mapping may be. for example, a one-to- 
one, into and onto m^ing between trunk subgroiq>s and VPIs and/or between trunks and 
VCIs. 

As will be described below, in some embodiments of the present invention, 
mapping allows a terminal adapter 103 to (1) identify which problem trunk / trunk 
subgroup 107 (or phiralify of problem trunks / trunk subgroups 107) is transmitting a 
TDM domain aUmn signal to tfie terminal adi^ter 103; (2) translate the TDM domain 
alarm signal into an ATM alarm message; and/or (3) label the ATM alarm message with 
VPIATCI information coiresponding to the problem trunk / trunk subgroup 107. 
Accordingty, the identir|r of fbc problem trunk / trunk subgroup 107 can be maintained 
across the TDM domain / ATM domain border. Similarly, in further embodiments of the 
present invention, mapping allows a terminal adapter 103 to (1) receive an ATM alarm 
message labeled with VPIA^CI information; (2) translate the ATM alarm message into a 
TDM domain alarm signal; and/or (3) send die TDM domain alarai signal to the 
destination TDM switch 102 on the destination trunk / trunk subgroiq) 107. 

In die ATM donuiin. a signaling protocol is defined for Ibe link between a UNI 
device and an ATM switch. This type of signaling is commonly known as user-to- 
networic signaling. Standards for user-to-network signaling in the ATM domain are 
currently defmed by International Telecommunication Union - Telecommunications (TTU- 
T) Q.2931 (ATM Forum UNI specification, BeUcore TA-NWT-0011 11). Under these 
standards, a default signaling virtual path / virtual channel (SiVC) is used for user-to- 
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network signaling in an ATM network. According to the Q.2931 standard, the default 
SiVC is VPWCI = 0/5. 

A signaling protocol in the ATM domain is also defined for the links between 
ATM switches. This type of signaling is commonly known as network signaling. ATM 
networic signaling standards are current^ defined by ITU-T Signaling System No. 7 (SS7) 
(BeUcote specification T!R-NPL-000246). which is the current generation of the coigmon- 
channel signaling standard. In the North America, network signaling is generally 
acconq>lished via a sq»4ate signaling network (e.g., the signaling network in Fig. 1). 
Howevo-, in other parts of the world, network signaling is sometimes implemented 
directly between ATM switches. SS7 defines various signaling protocols such as the 
broadband integrated services digital network user part (B-ISUP) signaling protocol. The 
B-ISUP protocol provides basic and siq^lementaty signaling functions for support of 
various voice and nonvoice appVcsiioxss. The B-ISUP signaling protocol also defines 
various narrowband and broadband signaling messages. For instance, B-ISUP defines 
such narrowband messages as "BLOCKED TRUNK" and "UNBLOCKED TRUNK," 
and such broadband messages as "BLOCKED STREAM" and "UNBLOCKED 
STREAM." 

In some embodiments of the present invention, UNI devices may be embodied as 
terminal adapters 103. Thus, user-to-network signaling on an SiVC may be utilized 
between the terminal adapters 103 and the ATM switches 104. Accordingly, in these 
embodiments one or more definUt SiVCs may be used to transfer signaling between the 
teiminal adapters 103 aoA the ATM switches 104. 

la some endxxliinents of the present invention, some or all of the above-identified 
SS7 messages and/or user-to-netwotk messages may be effectively inq^Iemented as ATM 
alarm messages. For e»pnple. between ATM switches 104, the "BLOCKED STREAM" 
and/or "UNBLOCKED STREAM" broadband messages may be utilized as a ATM alarm 
message. Between an ATM switch 104 and a TDM switch 102, the "BLOCKED 
TRUNK" and/or "UNBLOCKED TRUNK" narrowband messages may be used as an 
ATM alarm message. Between a terminal adapter 102 and an ATM switch 104, a user-to- 
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network message may bp used as an ATM alarm message. Descriptions of how the 
network 100 may utiitzci various ATM alarm messages are presented further below. 

In further embodiments of the present invention, one or more of the terminal 
adapters 103 may be configured to receive and/or interpret some or aU of the TDM 
domain alarm signals (e.g., a Blue alarm signal, a Yellow alarm signal, and/or a LOS). 
One or more of the temiinal ad^ters 103 may be further configured to transmit one or 
more appropriate ATM alarm messages responsive to receiving and/or not leceiving a 
TDM domain alarm sigi^l. For exanq>le. responsive to receiving a Yellow alarm signal 
or a LOS from a TDM switch 102 in the TDM domain, a terminal adapter 1 03 may 
transmit a particular alarm signal to an ATM switch 104 in the ATM domain. 

In operation, if terminal adq)ter 103a. for example, receives a LOS from TDM 
switch 102a over trunk / trunk subgroiq> 107a. then terminal adapter 103a may identify 
the fact that there is inadequate signal framing and/or pulses in the incomipg signal. In 
response to die LOS. teitninal adapter 103a may send a Yellow alarm signal back to TDM 
switch 102a (if terminal adapter 103a is configured to operate using the above-identified 
TDM alarm inrotocol). Further, terminal adapter 103a may signal ATM switch 104a over 
UNI link 108a using qypropriate user*to-network signalii^ tiiat each of the VPIsA^CIs 
associated with the alam^ trunk / trunk subgroup 107a are to be blocked. Terminal 
adapter 103a may further enter an appropriate alarm state to allow th& craft to sectionalize 
the trouble. 

In anotiier exanq>|e. if terminal adapter 103a receives a Blue alarm signal horn 
TDM switch 102a, then terminal adapter 103a may signal ATM switch 104a via 
appropriate user-to-network signaling that each of the VIPsA^CIs associated witii the 
alarmed trunk / trunk subgnnq) 107a are to be blocked. Terminal adapter 103a may 
funher enter an appropriate alarm state to allow the craft to sectionalize die trouble. 

In a fimher example, if termdnal adapter 103a receives a Yellow signal from TDM 
switch 102a, then terming ad^er 103a may signal ATM switch 104a via ^propriate 
user-to-network signaling that each of the VIPsA^CIs associated with the alanned trunk / 



8 



CA 02277466 1999-07-13 



mink subgroup 107a are to be blocked. Terminal adapter 103a may further enter an 
appropriate alarm state to allow the craft to sectionalize the trouble. 

Further, one or more of the terminal adapters 103 may be configured to receive 
and/or interpret some or all of various ATM alarm messages. One or more of the 
5 terminal adapters 103 may be still further configured to transmit one or more appropriate 
TDM domain alarm signals responsive to receiving and/or not receiving an ATM ahum 
message, and/or responsjive to a disruption occurring in the ATM domain. For exanq>le, 
responsive to receiving ^ particular ATM alarm message or a LOS in the ATM domain, a 
terminal adapter 103 may transmit a particular alarm signal in the TDM domain (e.g., a 

10 Yellow alarm signal). Thus, for example, if there is a problem with UNI link 108a in the 
ATM domain connecting terminal ad^ter 103a with ATM switch 104a, then the terminal 
adapter 103a may generate and transmit a Blue alarm signal to the TDM switch 102a if 
the TDM switch 102a is downstream from the terminal adapter 103a. If the TDM switch 
102a is upstream from the terminal adapter 103a, the terminal ad^r 103a may generate 

15 and transmit a Yellow alarm signal to the TDM switch 102a* 

In further embodiments of the present mvention, one or more of the terminal 
adapters 103 may be configured to recc^nize which TDM alarm protocol is being used in 
the TDM domain portion of the network 100. Accordingly, the terminal adapters 103 
may be capable of operating using one or more of a plurality of TDM alarm protocols 

20 and/or automatically selept one or more TDM alarm protocols to be used depending upon 
the TDM alarm protocol(s) being used in the TDM domain portion of the network 100. 
Further, the terminal adajpters 103 may be selectively configured by a network user to 
operate using one or more of a phurality of TDM alarm protocols. 

In each of the exaii4>les described above, ATM switch 104a and/or a remainder of 

25 the ATM portion of the Qetwoik 100 noay respond differently to the user-to-network 
signaling sent from terminal adapter 103a, depending upon the configuration of the 
problem trunk / trunk subgroup 107 and/or UNI link 108 within the network 100. To 
illustrate how the network 100 may respond in various situations, two scenarios are 
presented below with reference to Fig. 2. 
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In the first scenario, it is assumed that a connection is established (or attempted to 
be established) between TDM switch 102a and TDM switch 102b. Thus, a connection 
may be established between TDM switch 102a and TDM switch 102b via terminal adapter 
103a. ATM switch 104a, ATM switch 104b, and terminal adapter 103b. In such a 
scenario, terminal adapter lQ3a may receive a TDM alarm signal from TDM switch 102a 
(step S201). In respcmse, terminal adiqMer 103a may signal ATM switch 104a via 
broadband user-to-networic signaling that each of the VPIsA^Cb associated with the 
alarmed trunk (trunk lOTa) are to be blocked (stq> S202). When ATM switch 104a 
receives the user-to-netwoik signaling from terminal adapter 103a, the routing table of 
ATM switch 104a wouk| indicate that the VPIA^CI associated widi the next point in the 
connection route is ATM switch 104a (step S203). Accordingly, ATM switch 104a may 
send a broadband "BLOCKED STREAM" message to ATM switch 104b (step S206). 
ATM switch 104a may $eDd the "BLCXXED STREAM" message to ATM switch 104b 
via the signaling network (e.g.. via STP lOSb and 105c) and/or direcdy to ATM switch 
104b. Upon ATM switcjh 104b receivii« die "BLOCKED STREAM" message, the 
routiqg table of ATM switch 104b would indicate that the VPI/VCI associated widi die 
next point in the connection route is TDM switch 102b (step S203). Accordingly, ATM 
switch 104b may send a "BLOCKED TRUNK" message to TDM switch 102b via the SS7 
network (step S204). Upon receiving the "BLOCKED TRUNK" message. TDM switch 
102b may mark trunk 10!7a as being out of service (step S205). 

In the second scepario. it is assumed that a connection is established (or atlenq)ted 
to be established) between TDM switch lQ2a and TDM switch lQ2d. Thus, a connection 
may be established between TDM switch lQ2a and TDM switch lQ2d via terminal adapter 
103a, ATM switch 104a„ and terminal aOspta lQ3b. In such a scenario, when ATM 
switch 104a receives die iiser-to-network signaling from terminal adapter 103a, die 
routing table of ATM switch 104a would indicate diat die VPWCI associated widi die 
next point in die connection route is TDM switch I02d (step S203). Accordingly, ATM 
switch 104a may send a '^BLOCKED TRUNK" message to TDM switch 102d via die SS7 
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network (step S204). Upon receiving the ''BLOCKED TRUNK" message, TDM switch 
lQ2d may mark trunk 107a as being out of service (step S20S). 

When an alarm dears (i.e., stops), some or all of the network components may 
perform a similar routine as described above for the two above-described scenarios. 
5 except that the message ^pe may be different. For example, responsive to an alarm 

clearing, similar procedures may be followed by the network 100 with the exception that a 
''BLOCKED TRUNK" message may be replaced with an ''UNBLOCKED TRUNK" 
message, and/or a ''BLOCKED STREAM" message may be rqilaced with an 
"UNBLOCKED STREAM" message. 

10 Referring to Fig. 3, a terminal adapter 300 may be part of an ATM switch or a 

separate unit. The terminal adapter 300 here may be inq[)lemented as one or more of the 
terminal adapters 103 in the network 100 illustrated in Fig. 1 , and may be a separate unit 
or incorporated into an ATM switch. An example of an ATM switch that incorporates 
apparatus functioning as a terminal adapter is die M20 ATM switch, marteted by NEC. 

15 The terminal adapter 300 may include one or more TDM interfaces 301a, 301b, 

301c (hereby referred to collectively as reference nuniber 301). One or more of the TDM 
interfaces 301 may be embodied as, for instance, DSl interface cards, and one or more of 
the TDM interfaces 301 may inchide ports (not shown) for connecting to one or mote 
TDM switches via one or more TDM trunks 302a, 302b, 303c (hereby referred to 

20 collectively as reference number 302). The TDM trunks 302 may be the TDM trunks 107 
illustrated in Fig. 1. The TDM interfaces 301 may be connected to other parts of the 
terminal adapter directly ^ and/or via a bus 306. A processor 303 may be connected to the 
TDM interfaces 301 for receiving, sending, and/or processing TDM data sent to and/or 
from the TDM trunks 302. The processor 303 may be a network management processor. 

25 The processor 303 may ftirther be connected to a storage device such as memory 307 
and/or at least one ATM; interface 304. If the terminal adapter 300 is a part of an ATM 
switch, then the processor 303 may either be a separate processor from the processor(s) 
controlling the remainder of the ATM switch or the processor 303 may be a part of the 
processor(s) controlling Hhe remainder of ATM switch. If the terminal adapter 300 is a 
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separate unit (i.e., not si physical part of an ATM switch), then the ATM interface 304 
may be connected to an; ATM switch via at least one link 305 such as a UNI link. If the 
terminal adapter 300 is a part of an ATM switch, then the link 30S may be of a 
configuration that is compatible with the manner in which the terminal adapter 300 is 
S incoiporated into the AJM switch. 

When a TDM trunk (e.g., TDM trunk 302a) has an alarm signal on it (e.g., a 
yellow alarm signal), thjs TDM interface 301a may receive the alarm signal via the port 
through which the alanfted TDM trunk 302a is connected. If the TDM interface 301a is a 
DSl interface card, port firmware on die DSl interface card may turn on an alarm 

10 indicator on the DSl interface card for the particular port diat receives the alarm signal. 
Further, the TDM interface 301a may send a furst signal to the processor 303, notifying it 
that the port and/or the TDM trunk 302a is in an alarmed state. Responsive to the first 
signal, die processor 303 may log the alarm into the memory 307 and/or odier storage, 
and/or die processor 30$ may send an SNMP/CMIPS/OTHER message to a central 

IS network manager. Responsive to the first signal, the processor 303 may also send a 
second signal to die ATM interface 305. The processor 303 and/or tbc ATM interface 
may generate one or mope ATM alarm messages in order to notify downstream units tbat 
die TDM trunk 302a is out of service. Thus, the second signal generated by the processor 
303 may be an ATM alarm message. The processor 303 and/or the ATM interface 305 

20 may generate an ATM alarm message by buildmg ATM cells in die manner described in 
U.S. Patent No. 5,483,527. As described above, die ATM cells may be assigned to one 
or more SiVCs or other predetermined VPIs/VCIs set aside for signaling purposes. If the 
terminal adapter 300 is separate from an ATM switch, dien responsive to die alarm signal, 
the ATM interface 304 iluiy signal an ATM switch via user-to-network signaling. If the 

25 terminal adqiter 300 is incorporated into an ATM switch, then responsive to the alarm 
signal, the combination terminal adapter / ATM switch may send broadband and/or 
narrowband signaling m^sages to a signaling network, such as to an STP 105 as shown m 
Fig. 1. 
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The ATM interface 305 may be configured to detect a disniption in the ATM 
network, such as in the ATM link to which the ATM interface 305 is connected, When 
the ATM interface 305 detects such a disruption, the ATM interface 305 may send a first 
signal to the processor 303. Responsive to the first signal, the processor 303 may send a 
.5 second signal to one or more of the TDM interfoces 301 , notifying them of the disruption 
in the ATM domain. Responsive to the second signal, one or more of the TDM interfaces 
301 may send a TDM alann signal (e.g., a. Yellow alarm signal and/or a Bhie alarm 
signal) to one or more TDM trunks 302. 

Any United States patents referred to h«ein should be deemed to be incorporated by 

10 reference as to dieir entire contents. 

While exemplary systems and methods embodying the present invention are shown 
by way of example, it w>U be understood, of course, that the invention is not limited to these 
embodiments. Modifications may be made by those skUled in the art, particularly in light of 
the foregoing teachings. For example, each of the elements of the aforementioned 

IS onbodiments may be utilized alone or in combination with elements of the other 
embodiments. 
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Claims: 

1 . A method comprising the step of generating a first alarm message in an 
asynchronous transfer mbde (ATM) network responsive to receiving a time division 
multiplexing (TDM) alaum signal. 

5 2. The method of claim 1 wherein the TDM alarm signal is a Blue alarm signal. 

3. The meth^ of claim 1 wherein the TDM alarm signal is a Yellow alarm 

signal. 

4. The meth(^ of claim 1 wherein the TDM alarm signal is a loss of signal. 

5. The metb<>d of claim 1 wherein the first alarm message is an ATM user-to- 
10 network signaling message. 

6. The methc^ of claim 1 fiirthcr including the step of routiiig a second alarm 
message associated with ^e first alarm message through the ATM network. 

7. The methc|d of claim 6 ^^4ierein the second alarm message is a "BLOCKED 
STREAM" message. 

8. The methojd of claim 6 wherein the second alarm message is a **BL(X;KED 
TRUNK" message. 

9. The method of claim 6 i^lierein the second alarm message is the first alarm 
message. 

10. The method of claim 1 wherein the TDM alarm signal is generated by a first 
TDM switch associated wjth an alarmed trunk, the method fiirther including the step of 
sending a second alarm message associated with the first alarm message to a second TDM 
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switch, wherein the second TDM switch marks the alarmed trunk as out of service 
responsive to receiving the second alarm message. 

1 L In an asynchronous transfer mode (ATM) network, a method comprising the 
step of generating a time [division multiplexing (TDM) alarm signal responsive to a 
disruption occurring in the ATM network. 

12. The method of claim 10 wherein the TDM alarm signal is a Blue alarm 

signal. 

13. The method of claim 10 wherein the TDM alarm signal is a Yellow alarm 

signal. 

14. An apparatus configured to be connected to a TDM network, the apparatus 
comprising: 

a time division multiplexing (TDM) mterface configured to be connected to the 
TDM network and fiirthet configured to generate a first signal responsive to receivmg a 
TDM alarm signal firom t)ie TDM network; 

a processor connected to the TDM interface and configured to generate a second 
signal responsive to receiving the first signal; and 

an asynchronous transfer mode (ATM) interface coimected to the processor and 
configured to generate an ATM alarm message responsive to receiving the second signal. 

15. The a]^)ara|tus of claim 14 wherein the TDM alarm signal is a Blue alarm 

signal. 

1 6. The £^paratus of claim 14 wherein the TDM alarm signal is a Yellow alarm 

signal. 
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17. The £«)pa^tus of claim 14 wherein the TDM alarm signal is a loss of signal. 

1 8. The appaiiatus of claim 14 wherein the ATM alarm message is an ATM user- 
to-network signaling message. 

1 9. The apparatus of claim 1 4 wherein the apparatus is configured to be 
incorporated into an ATM switch. 

20. The apparatus of claim 14 further including a memory connected to the 
processor, wherein the prpcessor is further configured to log the TDM alarm signal in the 
memory. 

21. An apparatus configured to be connected to an ATM network, the apparatus 
comprising: 

an asynchronous transfer mode (ATM) inter&ce connected to the processor and 
configured to generate a first signal responsive to detecting a disruption in the ATM 
network; 

a processor connected to the ATM interface and configured to generate a second 
signal responsive to receiving the first signal; and 

a time division multiplexing (TDM) interfile connected to the processor and 
configured to generate a 1[DM alarm signal responsive to receiving the second signal. 

22. The method of claim 10 whoein the TDM alarm signal is a Blue alarm 

signal. 

23 . The metho4 of claim 1 0 wherein the TDM alarm signal is a Yellow alarm 

signal. 
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